A simple method to remove a broken distal closed section intramedullary nail is presented. The surgical technique and a case report are described. This technique eliminates the need for an additional exposure, other than that required to insert the nail, or any specialized equipment.
M
any methods have been published on the removal of the distal piece of a broken distal closed section intramedullary nail. [1] [2] [3] [4] [5] [6] [7] Some additional extraction devices also have been designed to remove a broken distal nail that is buried inside the medullary canal and that cannot be accessed from the standard incision (Table 1) . This article describes a simple method that can be used to remove a broken distal hollow nail remnant (closed or open) without using a special extraction device.
MATERIALS AND METHODS
The technique used is the same for broken intramedullary nails of either femur or tibia, with the exception of the approach to the bone.
Femur
The proximal part of the broken nail is accessed through a proximal incision over the greater trochanter. All locking screws and the proximal part of the broken nail are removed. A 3.5-mm Steinmann pin is inserted in one of the distal holes that previously contained a removed screw. A 3-mm guide is introduced in the distal nail, and the proximal medullary canal is reamed to a larger diameter, at least 2 mm greater than the diameter of the broken nail. It is recommended to begin the reaming with a 9-mm reamer that has end cutting reamer blades to remove the entrapped soft tissue inside the medullary canal and the pseudarthrotic tissue (Fig. 1A) . To ensure that no soft tissue will interfere with nail removal, reaming should be performed to the proximal edge of the broken nail. An 8-to 10-mm Kuntscher nail (one that is rarely used any more) is tested for size and interference fit using the previously extracted proximal nail portion; then only the Kuntscher nail is used to extract the distal piece (Fig. 1B) . The 3-mm guide and the locking Steinmann pin are removed from the bone, and the nail is removed gently using rotatory movements. After nail removal, the medullary canal is reamed to the desired diameter for a new nail insertion.
Tibia
The same technique is applied as described for the femur. The standard tibial approach is the access used, however.
CASE PRESENTATION
A 29-year-old man was injured in a motorcycle accident. His multiple injuries included a combined fracture of the neck and midshaft of the left femur and an open Gustilo type IIIA fracture of the left tibia. The midshaft femoral fracture was fixed with an AO unreamed intramedullary nail (400 mm × 9 mm), and three cannulated screws were used to secure the neck fracture. An external fixator was applied to the tibia. Three months after injury, the tibial fracture had healed, and the external fixator was removed. One year after injury, a nonunion of the midshaft femoral fracture was noted, and the nail was changed to a larger reamed diameter (13 mm). Two years after the accident, a hypertrophic nonunion of the femur was treated with an iliac bone graft. One year later, the patient had a sensation of instability at the site of the fracture, and radiographs showed a broken nail and a hypertrophic nonunion of the left femur (Fig. 2) . During the last year of follow-up, the patient gained more than 80 lb to reach a total weight of 270 lb. The nail was removed using the above-described technique, the medullary canal was reamed to 16.5 mm inner diameter, and a new expandable nail (Fixion) with an expanding diameter from 12 mm to 19 mm was inserted (Fig. 3) . At the 6-month follow-up, the femur was united, and the patient had no pain.
DISCUSSION
Intramedullary implant failure requiring removal, especially in the presence of a nonunion, may be a difficult task for the surgeon. Many extraction devices and methods have been described. These usually include a grasping sleeve, 1 beaded guides, 8 hooked rod, a modified Kuntscher reaming guide, 6 vise-grip pliers, 9 methods for drilling the proximal part of the FIGURE 1. Schematic of the described technique for a broken distal closed section intramedullary nail removal. A, A 3.5-mm Steinmann pin is inserted in one of the distal holes from a previously removed screw. A 3-mm guide is introduced in the distal part, and the proximal medullary canal is reamed to a larger diameter. B, An 8-to 10-mm Kuntscher nail is wedged into the distal broken nail; the 3-mm guide and the Steinmann pin are removed. C, The broken nail is removed gently with rotatory movements. 10 and others as illustrated in Table 1 . All of these methods are helpful because of the wide use of different kinds of nails-solid, cannulated, clover leaf-with or without extraction slots (like the Kuntscher nail), and the surgeon needs to be familiar with as many methods as possible.
The simple technique described here for removing a hollow cross-section nail needs no special devices and may be applicable to all open nails. The open section of the Kuntscher nail is an excellent tool for extracting closed and open section nail fragments because it can be forced into the nail. The elastic open cross-section Kuntscher nail is forced easily into the nail fragment and gains impingement fit as it is passed further into the nail until it is "stuck." The measured inside diameter of the most commonly used nails, Synthes or Howmedica, is greater than 8.5 mm. The desired Kuntscher nail is tested for size and interference fit using the previous extracted proximal nail portion, after which only the Kuntscher nail is inserted to extract the distal piece that is buried in the medullary canal of the bone.
Reaming and enlarging the proximal part of the medullary canal and insertion of the Steinmann pin are mandatory to prevent nail fragment rotation and to decrease friction between the nail and the bone, making passage easier. Our additional technical steps increase the success of nail fragment removal compared with a technique described earlier.
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CONCLUSIONS
Based on our experience, the advantages of this technique are no additional exposure to the bone, other than the nail insertion through the original incision, and no special equipment is required, which is especially useful when the nail abuts the articular surface, which can be endangered by hooks and other such instruments.
